ABSTRACT. A comparison of the expression of surface membrane antigens between dendritic cells (DC) derived from Peyer's patch macrophages (DPP-DC) of non-infected and Toxoplasma gondii (T. gondii) infected mice was performed. C57BL/6J mice aged 6-8 weeks of both sexes were infected orally with a 0.5 ml suspension containing 2 × 10 4 bradyzoites of the Beverley strain of T. gondii, sacrificed on day 8 and DC generated using discrete Peyer's patch macrophages (DPP-Mø) as progenitor cells. When a comparison of the expression of surface membrane antigens between the antigen presenting cells (APC) obtained from discrete Peyer's patches of non-infected and T. gondii infected mice was carried out, no significant differences were observed in the macrophage progenitor and DC populations expression of F4/80, DEC-205, CD11c, CD80 (B7-1) and CD34. However, a significant decrease in MHC class II antigen levels and a down regulation of the co-stimulatory molecule CD86 (B7-2) were noted. B7-1 appeared to be the dominant co-stimulatory ligand, whereas B7-2, which was down regulated during T. gondii infection, had a weak expression. Taken together, these results may help clarify the role of DC in the complex network regulating surface membrane antigens, as well as, their capacity for antigen uptake, processing and presentation during toxoplasmosis. Dendritic cells (DC) represent a rare population of antigen presenting cells (APC) in the blood, non-lymphoid and lymphoid tissues. They play a key role in the onset of cellular immunity and many studies have shown that DC capture, process and present antigen to memory and naive T cells [24] [25] [26] [27] 30] . The function of DC can be characterized by the dynamic regulation of differentiation/activation markers (CD83, CD25), of co-stimulatory molecules (CD40, CD80, CD86), and of class II major histocompatibility complexes (MHC class II) [14, 26-29, 31, 34].
Dendritic cells (DC) represent a rare population of antigen presenting cells (APC) in the blood, non-lymphoid and lymphoid tissues. They play a key role in the onset of cellular immunity and many studies have shown that DC capture, process and present antigen to memory and naive T cells [24] [25] [26] [27] 30] . The function of DC can be characterized by the dynamic regulation of differentiation/activation markers (CD83, CD25), of co-stimulatory molecules (CD40, CD80, CD86), and of class II major histocompatibility complexes (MHC class II) [14, 26-29, 31, 34] .
The major mechanism by which immuno-competent hosts control Toxoplasma gondii (T. gondii) infection is considered to be cell-mediated immunity [12] . The microbicidal or micro-biostatic activity of activated APC [40] and non-phagocytic cells [6, 43] are the two major mechanisms of resistance to T. gondii infection. The physiologic regulation of Th phenotype development is still poorly understood, but because of the MHC class II restriction, attention has been focused on the major role of APC in the initiation of the immune response. In vitro studies have shown that activation of Th clones requires the presence of particular APC, i.e., DC or macrophages [8, 33] .
High doses of the same soluble protein antigen given orally can result in non-responsiveness due to deletion or anergy of antigen-specific T cells [8] , similar to what occurs following systemic administration of soluble proteins [33] .
However, not all oral encounters with antigen result in tolerance. Local and systemic T cell priming can occur when soluble antigens are administered with an ADP-ribosylating adjuvant, such as cholera toxin, which results in a Th2-dominant response, or following infection with a mucosal pathogen, such as Salmonella typhimurium or T. gondii, which results in a Th1-dominant response. Despite recent progress, the mechanisms by which such disparate T cell immune responses occur following the administration of orally administered antigens are still poorly understood. To address this issue, we have focused our studies on the phenotype and function DC derived from discrete Peyer's patch macrophages (DPP-DC), because Peyer's patches (PP) are the primary sites for the induction of immune responses in the intestinal mucosa and are representative of lymphoid follicles present in diffuse mucosal tissues.
It has been postulated that the DC system consists of distinct cellular subsets, which may arise from either a myeloid or lymphoid precursor [38] . In the mouse, these two types of DCs have been shown to express either high levels of CD11b (myeloid) or CD8 (lymphoid) molecules, respectively. In addition, Iwasaki and Kelsall [17] recently described a third subset of DC that does not express either of these markers (double-negative (DN) DC) [16] .
The aim of this study was to compare the phenotype of DPP-DC of non-infected and T. gondii infected mice to better understand the dynamic regulation of APC specific antigens during Toxoplasmosis. We characterized the phenotype of DPP-DC from both T. gondii infected and non-infected mice. Our results, showed a significant decrease in MHC class II antigen levels and a down regulation of the co-stimulatory molecule CD86 (B7-2), making B7-1 appear to be the dominant co-stimulatory ligand during Toxoplasmosis.
MATERIALS AND METHODS
Animals: Discrete Peyer's patches (DPP) were obtained from 6-8 week aged C57BL/6J mice and both sexes were used. Mice were kept at room temperature with a 12:12 hr light-dark cycle and housed in cages in groups of 5 mice/ cage with free access to sterilized tap water and a standard commercial diet (Ca-1, CLEA Inc. Japan).
Parasites: The low virulent Beverly strain of T. gondii was maintained in our laboratory by intraperitoneal (i.p.) passage of brain cysts into ICR mice. Brains were removed from T. gondii infected mice 6 months after infection and were homogenized in RPMI-1640 medium (Sigma-Aldrich, UK). To obtain bradyzoites, brain homogenates were resuspended in 50 ml of of RPMI-1640, the cysts were purified from brain using 25% gum Arabic (Sigma ® ). Briefly, 2 ml of the gum Arabic of 1.07 sg (specific gravity) were added to each glass tube and 2 ml of the gum Arabic of 1.05 sg were dispensed slowly to the each tube. After 10 min of centrifugation at 2,100 × g at 15°C, the pellets collected from all tubes were treated with 10 ml of 0.25% trypsin at 37°C for 10 min. The bradyzoite suspension was filtered through gauze and washed twice with 40-50 ml of RPMI-1640 by centrifugation at 2,100 × g at 4°C for 15 min. The pellets of the last washing were re-suspended in 5 ml of RPMI-1640 containing 10% FCS. The number of bradyzoites was estimated using a haemotocytometer and adjusted to 2 × 10 4 of bradyzoites/ml. Infection: C57BL/6J mice were infected orally with 0.5 ml of suspension containing 2 × 10 4 bradyzoites of Beverley strain of T. gondii and sacrificed on day 8. The day of infection was referred to as day 0.
Tissue culture media: Except where stated, all cell manipulations were carried out at room temperature. Tissue culture medium was Minimum Essential Medium Eagle-MEM, (Sigma ® , poole, Dorset, UK) supplemented with 8% FBS and 50 mg of Kanamycin.
Cytokines: The following cytokines were used in this study: murine recombinant granulocyte-monocyte colonystimulator factor (GM-CSF) (Sigma) and murine recombinant IL-4 (Sigma).
Monoclonal antibodies: The following labelled antimouse monoclonal antibodies specific for antigen presenting cells used were: anti-CD11c PE (HL3) [35] ; anti-DEC-205 FITC (NLDC-145) [18, 23] haplotypes which cover the mice types used in our study. All experiments using animals were carried out in accordance with rules and ordinances of the National Research Center for Protozoan Diseases, Obihiro University of Agriculture and Veterinary Medicine, and are in line with acceptable international standards.
Macrophage and dendritic cell generation: Single cells suspensions from DPP of mice were obtained using a modification of previously described methods [24, [26] [27] [28] [29] [30] . Immediately after slaughter, the skin covering the abdomen was removed. The DPP were identified by eye and carefully dissected out using scissors and washed two times in 25 m l of fresh culture median. Peyer's patches were mechanically disrupted using a 5 ml syringe head and 70 µm nylon cell strainer (Becton, Dickinson, NJ, U.S.A.) in culture media. The resultant cell population, were then filtered twice using a 70 µm nylon cell strainer. The resulting cells were re-suspended in 8 ml of tissue culture medium in a glass centrifuge tube and layered unto 2 ml of 14.5% weight by volume (w/ v) metrizamide (Nycomed AS, Olso, Norway) in RPMI 1640 without bicarbonate, supplemented with 2% normal mouse serum (NMS). The suspension was centrifuged at 400 g for 30 min at 4°C and low-density cells (LDC) removed from the interface. These were resident discrete Peyer's patch dendritic cells (Res-DC) and their purity as determined by the dendritic cell marker DEC-205 was always greater than 90%. The remaining pellet was re-suspended in tissue culture medium and filtered though a nylon cell strainer. The suspension was centrifuge at 400 g for 5 min at 4°C and re-suspended in 10 ml of fresh culture medium. Macrophages were obtained following an overnight adherent-step in tissue culture medium. The purity of the DPP macrophage as determined by flow cytometry, using the macrophage specific marker anti-mouse F4/80 was always greater than 90%. Unless otherwise stated all operation were carried on ice. In three different experiments, the adherent cells were cultured in 4-6 ml culture medium with or without growth factors (1,000 U/ml GM-CSF and 1,000 U/ml IL-4) for 7 days. Non-adherent cells and loosely adherent cells were harvested by moderately vigorous aspiration. These were referred to as the DPP-DC. The purity of DPP-DC as determined by flow cytometry using the DC specific marker DEC-205 was always greater than 90%.
Light and electron microscopy: For light microscopy slide cell preparations were air-dried, fixed and stained using Giemsa's stain. Cells were observed under a light microscope and the proportion of cells showing morphological features of DC were identified using the following criteria: relative size; cytoplasm;nucleus ratio; shape and position of the nucleus; vacuolation of the cytoplasm and cytoplasmic protuberances. Discrete Peyer's patch macrophages (DPP-Mφ) were used as controls. For electron microscopy cells were pelleted and fixed overnight at 4°C in 2.5% glutaraldehyde in 0.1 M cacodylate buffer for 1 hr, rinsed in buffer, post-fixed in 2% osmium tetroxide in 0.2 M cacodylate buffer for 1 hr, dehydrated through a graded ethanol series and finally embeded in TAAB Epon 812 low viscosity resin. Ultrathin sections (70 nm) were cut using a diamond knife, grid stained with 1% uranyl acetate and lead citrate and analyzed by a Hitachi transmission electron microscope (Hitachi, Ltd., Tokyo, Japan). 
RESULTS

Yield, purity and viability of the generated dendritic cells:
The average yield of cell populations from DPP of 20 mice isolated using mechanical disruption before metrizamide gradients was approximately of 3.8 × 10 8 in non-infected mice and 2.7 × 10 8 in infected mice. After metrizamide density gradient centrifugation the cell suspension consisted approximately 2.4 × 10 8 in non-infected mice and 3.1 × 10 8 in infected mice, about 1.5 times more in infected mice compared to non-infected mice. After incubation for seven days with GF recovery was approximately 3.5 × 10 6 in noninfected mice and 8.5 × 10 6 in infected mice, double or more of the initial amount incubated with growth factors in noninfected mice. In some experiments the number of adherent cells following overnight culture was determined (Table 1) . In non-infected mice this number was approximately 1.4 × 10 6 while infected mice consisted of approximately 6.3 × 10 6 , exhibiting a four-fold increase. Viability of the recovered cells as determined by trypan blue exclusion was always greater than 90%.
Morphology of the generated dendritic cells: DPP-DC, were characterized by morphology under light microscopy and discrete Peyer's patch macrophages were used as controls. As identified microscopically, a non-adherent cell population could be observed. Subjectively, DC from both T. gondii infected and non-infected mice, were generally smaller than Peyer's patch macrophages and these cells showed evidence of cytoplasmic protuberance or dendrites and in some cases cells appeared to take up apoptotic bodies by phagocytosis and receptor mediated mechanisms (Fig.  1 ). Both cells from T. gondii infected and non-infected mice were observed under light microscope continually extending, retracting and reoriented their cellular processes in live culture when observed over a longer period of time (data not shown). Ultrastructural investigations by electron microscopy showed further evidence of typical DC characteristics, such as the above-mentioned cytoplasmic veils (V), irregularly shaped excentric nuclei (N), multi-vesicular bodies (MVB) and autophagosomes (AP) (data not shown). It can be seen in Fig. 1 that, there were no changes observed in the morphology of the progenitor discrete Peyer's patch macrophages, nor the dendritic cells derived from discrete Peyer's patch dendritic cells.
Phenotypic analysis of discrete Peyer's patch cells in infected mice: Discrete Peyer's patch cells were also examined for expression of specific DC surface membrane antigens in Toxoplasma gondii infected mice and a comparison with DC from discrete Peyer's patch macrophages of noninfected mice was made. Expression of MHC-class II antigens in the original population of both infected and noninfected mice was not significantly different as shown by the phenotypic profiles (Fig. 2) . However, the expression of MHC-class II molecules in cells incubated for 7 days in the presence of growth factor in infected mice was significantly down regulated compared to cells incubated for 7 days in the presence of growth factor in non-infected mice (Fig. 2) . A similar trend was observed in the expression of the co-stimulatory molecule CD86 (B7-2). Incubation for 7 days in the presence of growth factor significantly down regulated CD86 (B7-2) expression in non-infected mice compared to infected mice (Fig. 3) . Thus, the co-stimulatory molecules B7-1 and B7-2 were differentially expressed on the generated DC. A high level of B7-1 and B7-2 was expressed on DC derived from discrete Peyer's patches of non-infected mice, whereas a lower level of B7-2 was expressed in DC from infected mice. ), MHC class II low , CD86 low (B7-2 low ) DPP-DC population from T. gondii infected C57BL/6J mice. The precise role of dendritic cell (DC) [39] populations in regulating the immune responses to orally administered antigens remains unclear. We have focused our studies on the phenotype of DC derived from discrete Peyer's patch macrophages, as this lymphoid tissue is the primary site for the induction of mucosal immune responses, such as the differentiation of B cells capable of producing secretory IgA. It is also likely the initial site for the generation of regulatory T cells producing IL-10 and TGF-β after low dose antigen feeding. In addition, prior studies suggested that dendritic cells derived from Peyer's patch macrophages may be unique in their ability to prime T cells for providing help for IgA B cell differentiation [39] . However, not all oral encounters with antigens result in tolerance. Local and systemic priming can occur following infection with a mucosal pathogen such as T. gondii [15, 39] .
The freshly isolated DPP macrophage population showed a high expression of the macrophage marker F4/80, CD34 (data not shown) a marker typical of haemopoietic progenitors [10] , high MHC class II expression and a very low expression of CD11c. The expression of CD34 indicates that our generated cells have a haemopoietic rather than a myeloid origin. The generated DPP macrophage derived dendritic cells exhibited very low or virtually no CD11c expression. CD11c-DC, have been described in the blood [42] . Two peripheral blood DC subsets have been described and are distinguished based on their ability or inability to express CD11c [41] . The CD11c-DC, have been recently reported to express high levels of CD123 [interleukin (IL)-3Rα] [36] . Moreover, functional differences between CD11c + and CD11c-DC have been described [35, 41] .
CD11c
+ DC are more potent in T cell-stimulating activity, express CD45RO, and have higher levels of MHC class II and adhesion molecules [35, 41] . In other studies, CD11c-DC, have been shown to have a low MHC class II expression and down regulated co-stimulatory molecules expression in contrast to CD11c + DC [42] . However, the expression of MHC-class II molecules in cells incubated for 7 days in the presence of growth factor in infected mice was significantly down regulated compared to cells incubated for 7 days in the presence of growth factor in non-infected mice (Fig. 2) . A similar trend was observed in the expression of the co-stimulatory molecule CD86 (B7-2) incubation for 7 days in the presence of growth factor significantly down regulated CD86 (B7-2) expression in non-infected mice compared to infected mice (Fig. 3) . The up-regulation of MHC class II and co-stimulatory molecules in CD11c + DC after activation is in agreement with published literature because these signals are widely discussed as a measure of DC activation/maturation [14] . B7-1 and B7-2 when upregulated binds to T cell surface molecules CD28 and CTLA-4, which may be critical in prolonging the primary T cell response or co-stimulating the secondary T cell responses [2, 31] . It has been suggested that the presence of B7-1 favours the activation of Th1 lymphocytes whereas B7-2 favours the priming of Th2 cells [7, 20] . From this viewpoint, DC may therefore, play an important role not only in the initiation of adaptive immunity to T. gondii but also in the early induction of innate immunity to the parasite.
In the present study, C57BL/6J mice were infected orally with 0.5 ml of suspension containing 2 × 10 4 bradyzoites of Beverley strain of T. gondii. The bradyzoites survive within cysts and are effectively isolated from the host immune system by the cyst wall, which is composed mainly of host tissue-derived products. The ability of bradyzoites to escape the host immune response and persist in a quiescent form within the host is therefore another key event in the T. gondii life cycle. The bradyzoites are infective for either definitive or intermediate hosts and are largely responsible for parasite transmission to different species of mammals and birds [22] . The susceptibility of different mouse strains to infection with T. gondii varies dramatically depending on the route of infection and the mouse H-2 haplotype [2] [3] [4] . Mouse strains that are susceptible to oral infection (such as strain C57BL/ 6), unlike those that are resistant via this route of infection, have been shown to develop severe necrotic lesions in their small intestines [11, 12] . The mucosal epithelial layer provides the interface between the external and the internal environments of the gastrointestinal tract. The intestineassociated lymphoid tissue serves as an immunological barrier against a wide range of infectious agents, including orally acquired parasites such as T. gondii [21] .
Our results indicate that DC derived from both discrete Peyer's patches of infected and non-infected mice expressed MHC class II and co-stimulatory molecules and thus could be able to present an antigen and sensitize T cells in vivo. Our results also suggest that the presence of infectious microorganisms may have a profound impact on the DC system in vivo, thus leaving many questions regarding the overall role of DC in the initiation of the immune response [19]. During natural peroral infection this process is initiated locally in intestinal tissue [9] . Are DC or macrophages (in the Peyer's patches and/or lamina propria) themselves infected or do they acquire antigens shed by the parasite into the extra-cellular milieu? What is the nature of the parasite molecules responsible for DC activation? Do molecules act directly on DC through cell surface receptors or indirectly through the induction of inflammatory cytokines? What regulates the expression of membrane surface antigens? Answers to these questions should not only lead to a better understanding of immune responses to intracellular parasites but, also may yield general strategies for stimulating host resistance through its innate and acquired immunologic components.
